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Abstract 
This paper outlines a number of facts on how the merging of Human Factor Ergonomics (HFE) methodologies and Ergonomics 
Quality in Design (EQUID) systematic approach contributed to the Precision Agriculture (PA) sensor device design improvement 
process. As per EQUID, product usability issues were identified by conducting ethnography study and persona methodology at 
the beginning stage of the product design improvement process. The product usability design improvement focused on user 
experience of the sensor device, the maintenance of the product and the environmental friendly aspect. The usability test and the 
survey on the new Industrial Design (ID) were carried out at the end of this paper to evaluate and review the ergonomics quality 
and usability of the sensor device. 
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1. Introduction 
In year 2010, a PA sensor device and its wireless network solution system that were aimed to automate palm oil 
pollination process had been developed by applying HFE methodologies and EQUID process. The product 
deployment success rate was significant to substitute current manual pollination process in palm oil plantation 
industry. However, in the effort to enhance and improve the product usability, a few studies have been conducted 
during product deployment by using HFE methodologies such as ethnography study and persona. By doing this, 
three major problems were identified through the user’s user experience towards the sensor device. First of all, let’s 
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take a look at the user experience of the product. Although the previous sensor device had passed all the required 
mechanical robustness tests, the product appearance however gave a fragile impression to the farmers that the device 
required delicate handling during operation. The idea retained as a consequence of the impression that limited their 
work activity because extra cautions and attentions were unnecessarily given. Secondly, the product needed frequent 
maintenance. As we know the sensor devices were built to perform functions at outdoor palm oil plantation 
environment. The alkaline batteries that were used to power up the product drained at different rate and caused the 
farmers to replace new batteries prior to a new pollination cycle which consequently bring more hassle into the 
work. Thirdly, observation on the environmental friendly aspect of the product. As an effect of frequent replacement 
of the alkaline batteries, the quantity of batteries consumption had also increased.  This would mean a distinct 
possibility of bringing harm to the environment if the users did not dispose the used batteries in a proper way. The 
following sections present on how these problems were captured by using systematic approaches, and design 
improvement activities to improve the product usability.  
 
 
Fig. 1. PA sensor device version 2010 (before design improvement). 
2. Design requirements 
At the early stage of EQUID process, ethnography study and persona were selected to be the method on capturing 
the design requirements. Compared to Voice of Customer method, ethnography study presented to be a more 
appropriate approach in this case as the users’ background will be studied beforehand while their daily activities 
which involve user-product interaction will be observed and recorded too. Hence, the user experience could be 
captured as well as the usability problems could also be accurately identified. 
2.1. Ethnography study 
Ethnography is the study of beliefs, social interactions, and behaviors of small societies [6]. It was conducted 
based on standard qualitative research methodologies such as taking still photos, videos, collecting artifacts, 
observations and interviews. Study shows that 99% of the palm oil plantation workers are from poor family in 
Indonesia. Owning a high-end technology electronic product such as remote controlled television, personal 
computer, or even the most common sort of personal owned handheld device-the smart phone is very rare to them. 
The lack of experience and knowledge in using common electronic products indirectly associated to their user 
experience when using the sensor device. 
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The workers at the palm oil plantation were observed and found to use the sensor device with extra cautions and 
they handled them delicately although the product had already passed all the environmental robustness tests. The 
delicate handling acts were due to the fact that they associated the product as a high-end and high cost device by the 
appearance of the product. Figure 2 shows the plantation workers with the sensor device. 
 
 
Fig. 2. PA sensor device version 2010. 
As a result of the study, a revamp in the Industrial Design (ID) of the sensor device is necessary in order to 
change their perception on the sensor device. In every tangible product, ID plays an important role in creating a 
credible product’s first impression to a user. Users’ emotion is affected by what they see and how they feel from 
their initial interaction with a product. 
2.2. Persona 
After conducting the ethnography study, user persona was then established. Persona is one of the user centered 
design approach that represents a group of end users with similar roles, behaviors, goals, and skills which related to 
his/her interaction with the product. By creating persona, it helped to identify the users’ expectations toward the 
products as well as to apprehend their candid pain points when they used the product in real to achieve their goals. 
Figure 3 below illustrates persona for the sensor device. 
 
 
Fig. 3. Persona of sensor device. 
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From the persona, it was understood that sensor device needed frequent maintenance for battery replacement. 
Since the sensor devices were used at outdoor palm oil plantation environment with some external factors such as 
extreme thermal shock or different humidity level, the alkaline batteries which assembled inside the device drained 
at different rates and that the workers had to replace the batteries each time before a new pollination cycle begin and 
this had caused more hassle at work. Besides, as a consequence of frequent replacement of the alkaline batteries, the 
quantity of batteries used had also increased. In the long run it would bring harm to the environment if the users did 
not dispose the used batteries properly. 
As a conclusion, three main issues need to be improved: 
x to change the Industrial Design 
x to reduce or eliminate battery replacement – product maintenance  
x to protect environment – green product 
3. Design improvement 
3.1. Industrial design 
At this stage, trend analysis and design benchmarking were performed to benchmark against similar existing 
products in the current market. The keywords used for the analysis including robust, ruggedize, and sleek. These had 
become Affective Requirements for the ID design that was aimed to change the user perception on the sensor device. 
Affective requirements are those pertaining to the look and feel as well as the pleasure a user experience when using 
the product. Affective requirements are becoming more important in product design nowadays as they drive the 
emotion of the users when using the product. Trend analysis enabled us to understand the direction of the ID design 
for the current product as demonstrated in Figure 4. In order to be appeared as robust and trendy product, the product 
ID design should consists of “sleek” elements while appears as a “comfortable” and “robust” product. Hence, the 
design trend direction of the new sensor device ID had been identified. 
 
 
Fig. 4. Trend Analysis. 
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Figure 5 illustrates final ID design for the sensor device after a few design iterations which had met the affective 
requirements, at the same time in line with the company’s design DNA which consists of orthogonal, chic, and alien 
elements. 
 
 
Fig. 5. Final ID design of Sensor Device. 
3.2. Battery replacement 
Frequent battery change had become a usability problem to the user as they needed to climb up to the tree to 
remove the sensor device and then brought down the unit to ground for battery replacement. The initial design 
intention to fully automate the pollination monitoring system has now been disrupted by this usability problem 
which was not captured during initial design development in year 2010. The workers had to replace new alkaline 
batteries each time after completed one cycle of 4 months pollination process, before a new pollination cycle begin. 
They had to make sure all the sensor devices loaded with 100% battery capacity before starting a new pollination 
cycle. This problem was only been able to be identified after the ethnography study and interviewed with the 
workers. Thus, to replace the alkaline battery for the sensor device, rechargeable battery became the solution for this 
problem. There was a list of engineering activities to convert the circuits and platform to use rechargeable battery 
and a significant improvement had achieved after a series of hard work. Figure 6 illustrates the maximum battery 
replacement comparison for alkaline battery and rechargeable battery in a year. 
 
 
Fig. 6. Battery usage comparison between alkaline battery versus rechargeable battery. 
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3.3. Green environment 
Other than the product maintenance issue, frequent battery change would also cause pollution to the environment 
when the used batteries were not disposed properly. The awareness of green environment was not sufficient among 
the workers to an extend that some of them were not aware that the batteries fall under the hazardous waste category 
and need collection arrangement for special recycling. Introducing rechargeable battery will not only reduce the 
frequency of battery replacement, but the number of battery disposals will also significantly reduce. In addition to 
the rechargeable battery, the sensor device is also designed with solar power charging capability and therefore, the 
workers no longer need to climb up to the tree for battery replacement. It is a green solution to the environment as 
well. 
4. Design evaluation 
At this stage, product testing was carried out based on EQUID framework. A survey was conducted on the ID 
concept design. There are total 18 correspondents involved in the survey and statistic showed that 43.75% of them 
voted for Design C as their most preferred ID design and eventually this design was selected as final ID design. The 
correspondents were also asked to give 3 affective descriptors, which is the feeling of how they feel and think when 
they first see the design for all of the 3 design concepts. As for Design C, majority of them concluded that it is 
simple, sleek, curvy, and stylish.  
 
 
Fig. 7. ID concepts survey results. 
Besides the ID survey, battery performance was tested with the product too. Test specification for the battery is 
13 months, complying product 1 year warranty and the result passed. The test was simulated by Accelerated Life 
Test (ALT), which was done in controlled chambers to stress on the product that was equivalent to one year of usage 
condition. Other than battery performance test, there was also a list of product robustness tests had been conducted 
as per IEC International Standard and all the results passed with no issue as demonstrates in Figure 8 below. 
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Fig. 8. Environmental qualification test results. 
5. Findings 
From the design evaluation results, ID Design C which is the final ID design for the sensor device still needs 
enhancement on the robust design element. Despite the fact that Design A and Design B appeared to be more robust 
compared to Design C, unfortunately users do not like them very much and some of them even had negative 
emotions toward the designs. From the marketing perspective, Design C is the most successful selling design as the 
negative comments accumulated were as little as 5.41% while Design A’s were 50.00% and Design B’s were 
36.17%. The negative comments gathered included ugly, crude, weird, dull, unpleasant, boring and etc. However, 
the users might encounter the same user experience problem when they try to handle and install the sensor device 
Design C because the product appearance design is still not convincing as a credible robust product. The actual data 
could be collected after the deployment of the improved sensor device at oil palm plantation but this has become a 
challenge to the team since the management had decided to appoint a third party company to take over the 
technology and product deployment. As for the battery replacement, it shows a significant improvement on the 
product installation. 100% elimination of the labor power to regularly climb up and down from the trees for at least 
a year, meaning this has also significantly reduced the risk of the workers getting injured during the process of 
climbing. In other words, it is zero maintenance for the product in terms of product usability. 
6. Conclusion 
To make beneficial additions or changes into design improvement process we must have to conduct detail study 
throughout the entire design process from user requirements to design evaluation. In order to run a real user 
experience study that helps to identify the hidden usability problems, applying the appropriate methodology into the 
study is indeed very important defining design objectives and goals. By using HFE and EQUID systematic 
approach, the designers and engineers able to understand the user needs while capture the important requirements in 
both functional and affective requirements at the early stage of product development. This holistic approach 
enhances and improves the conventional design improvement process. It also decreases the duration of the design 
process by reducing design errors and human effort during the entire product design while keeping the designers and 
engineers focus on the design objectives in order to attain the goals.  
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As a result, HFE approach is not only useful for new product design cycle; it is also a very powerful tool for 
design improvement process which helps the designers and engineers to meet the primary objectives and stay on 
track to achieve the goals that later create hassle-free product and happy customers. 
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